Objective: To evaluate the role of serum troponin I (TnI) estimations in the early risk stratification of patients with acute coronary syndromes (ACS) subsequently diagnosed as acute myocardial infarction (AMI) or unstable angina (UA). Subjects and Methods: Blood samples were collected from 86 patients admitted to the Coronary Care Unit of the Mubarak Al-Kabeer Hospital, Kuwait, with a diagnosis of ACS on admission (TnI-1) and after 8 h (TnI-2) and 16 h (TnI-3). Blood was also collected from 38 age-matched healthy controls for comparison. Serum TnI was measured by paramagnetic particle chemiluminescent immunoassay. Results: Serum TnI of ! 0.05 ng/ ml, corresponding to the 99th percentile, was established for healthy subjects. Patients diagnosed as UA had a 99th percentile TnI-1 value of about 0.30 ng/ml. The best specificity and sensitivity for ACS was obtained for TnI-2; indeed, TnI-2 1 0.3 ng/ml gave a 1 80% certainty of diagnosis of AMI. Also, TnI-2 ! 0.3 ng/ml in ACS patients was approximately 80% sensitive for the diagnosis of UA but relatively nonspecific (approximately 40%). Specificity for TnI-2 for the diagnosis of UA improved to about 90% by narrowing the diagnostic range to 0.05-0.3 ng/ ml. TnI values in UA increased by ! 100% at 8 h, while in AMI, this increase was up to 1,000%. Conclusion: In the evaluation of ACS, admission and 8-hour serum TnI !0.05 ng/ml is probably not cardiac in origin; serum TnI 10.3 ng/ml on admission and increasing rapidly by 8 h is likely AMI, and serum TnI 1 0.05 and ! 0.3 ng/ml on admission with a mild increase by 8 h is likely due to UA.
Introduction
The aim of risk stratification in acute coronary syndromes (ACS) is to identify those patients at greatest risk of recurrent ischemic events who might benefit from further investigation and management [1, 2] . Typically, ACS is subdivided on clinical grounds into acute myocardial infarction (AMI) and unstable angina (UA) [2, 3] . The risk of cardiac death or significant disability differs significantly between these two cardiac disorders.
Most available cardiac markers can differentiate relatively easily between patients with noncardiac chest pain and those with AMI [4] [5] [6] . The major diagnostic dilemma is in patients with non-Q wave AMI and those with UA, in whom therapy is often indicated but is not as aggressive as in those with AMI [4] [5] [6] . In these individuals, there is also a need for awareness of their increased short-and long-term risk of AMI and/or sudden cardiac death. Their immediate need or otherwise for potentially expensive, complicated or dangerous intervention procedures such as angiography, angioplasty and stress testing also needs careful assessment.
There are numerous reports in the literature to the effect that serial cardiac troponin I (TnI) estimations can assist in the process of risk stratification in ACS [2] [3] [4] [5] [6] . These reports have essentially been from specialized cardiac centers in Europe and North America. It is important to establish such guidelines on the use of cardiac markers in other parts of the world, particularly since one of the important recommendations of the new European Society of Cardiology (ESC)/American College of Cardiology (ACC)/American Heart Association (AHA) guidelines [2, 3] is that different laboratories worldwide should establish their own cutoff points for clinical decision-making in ACS based on cardiac TnI estimations.
Coronary heart disease is the greatest cause of mortality in adults in Kuwait and other Arabian Gulf countries [7, 8] . Its investigation and treatment also consumes a large percentage of the health care resources of these countries. Management guidelines therefore need to be optimized to be more cost-effective and based on the best evidence. This preliminary study was therefore designed to answer three specific questions in relation to the management of patients with chest pain in a tertiary care facility in Kuwait: (1) Can serial TnI estimations differentiate healthy control subjects from patients with ACS? (2) Can serial TnI estimations distinguish ACS patients with UA from those with AMI? (3) What proportions of UA patients have serial TnI values greater than the 99th percentile for the healthy population and therefore require more aggressive intervention measures?
Subjects and Methods
There were 2 groups of subjects. Group 1 consisted of 86 patients admitted to the Coronary Care Unit of the Mubarak Al-Kabeer Hospital, Kuwait, with a diagnosis of ACS. All the cases underwent full cardiological review and examination. Thirty-five of these subjects (aged 43-78 years; 27 males, 8 females) were eventually diagnosed as having UA with the use of Braunwald's criteria [9] and the absence of ST segment abnormalities on ECG; 51 of the subjects (aged 37-88 years; 46 males, 5 females) proved to have AMI with classical clinical and ECG changes (Q wave and non-Q wave).
Group 2 comprised 38 age-matched healthy controls (aged 48-77 years; 28 males, 10 females) who were ambulant and apparently healthy with no history of cardiovascular or any other chronic disease.
Blood samples were collected from the patients on admission to the unit (TnI-1) and subsequently, 8 h (TnI-2) and 16 h (TnI-3) after admission. Only baseline samples were collected from the healthy control subjects. Serum was extracted within 15 min of sample collection and analyzed immediately. When it was not possible to analyze the samples within 2 h of collection, they were stored frozen at -20°C. All analyses were, however, performed within 24 h of sample collection.
The serum TnI level was measured by a paramagnetic particle chemiluminescent immunoassay on a Beckman Access Analyzer. The intra-and interassay coefficients of variation for the serum TnI assays were always ! 2.5%. Specifically, the TnI assay was not influenced by uremia, in that in all 20 patients with chronic renal failure (and no evidence of ischemic heart disease) who were separately investigated, none had serum TnI 1 0.02 ng/ml.
The laboratory was blind to the diagnosis and the cardiologists blind to the laboratory results during the course of the study. The data were analyzed by nonparametric methods with regards to the final cardiac diagnosis. Within-group differences between TnI, TnI-2 and TnI-3 levels were calculated using Wilcoxon signed rank tests. Between-group differences were explored by Mann-Whitney U tests. Statistical analyses were performed by computer using the procedures of the Statistical Package of the Social Sciences (SPSS-X, 1998). A p value ! 0.05 was considered statistically significant.
Results
The results obtained for TnI values are shown in table 1. In the patients eventually diagnosed after full cardiological evaluation and hospital discharge or death as AMI or UA, the mean, median and range of values for TnI at presentation and also 8 and 16 h after admission are indicated in table 1 . Recruitment values for the healthy control subjects are also included.
Only 1 out of the 38 (3%) healthy control subjects we studied had TnI values of 10.1 ng/ml and even then, it was only 0.121 ng/ml. Indeed, 32 of 38 (84%) healthy subjects had values !0.05 ng/ml. The 99th percentile value for TnI in our healthy population was estimated to be 0.05 ng/ml. Therefore, in consonance with the recently published ESC/ACC/AHA guidelines [2, 3] , an admission TnI value 10.05 ng/ml should effectively exclude almost all healthy subjects with noncardiac chest pain in our population.
At presentation (TnI-1), 60% of the patients with AMI had TnI-1 levels 10.05 ng/ml and 38% had levels 10.30 ng/ml. About 8 h later, 88% had TnI 10.05 ng/ml and 80% had TnI 10.30 ng/ml. These values were essentially similar at 16 h (TnI 10.05 ng/ml, 93%; TnI 10.3 ng/ml, 87%). The median increase in TnI values from admission (TnI-1) to 8 h after admission (TnI-2) was about 1,020%.
With respect to UA patients, at presentation (TnI-1), the 99th percentile of values was 0.28 ng/ml. 38% of patients had TnI-1 levels 10.05 ng/ml and 15% had levels 10.30 ng/ml; while 85% had values !0.30 ng/ml. About 8 h later, 62% had TnI 10.05 ng/ml and 26% had TnI 10.30 ng/ml; 74% had values !0.30 ng/ml. The values at 16 h were essentially similar to those at 8 h (TnI 10.05 ng/ml, 61%; TnI 10.30 ng/ml, 24%; TnI !0.30 ng/ml, 76%). The median increase in TnI values from admission (TnI-1) to 8 h after admission (TnI-2) was about 90%. The sensitivity and specificity profiles at different cutoff points for the diagnosis of UA and myocardial infarction are indicated in table 2. This table utilizes the finding from the study that the upper cutoff point for healthy patients without ACS is 0.05 ng/ml, and furthermore that the 99th percentile for the patients subsequently diagnosed as having UA was about 0.30 ng/ml. These cutoff point estimates were essentially similar to those derived from receiver operator characteristic curves plotted for the sensitivity and specificity of diagnosis of UA and AMI for different values of TnI on admission and 8 and 16 h later. It would appear that the best specificity and sensitivity for both acute coronary syndromes are obtainable for TnI-2, i.e. the 8-hour postadmission value (table 2) .
Discussion
In 1999, the US National Academy of Clinical Biochemistry [4] and the International Federation of Clinical Chemistry [5] independently recommended that cardiac troponin be the standard biomarker for detecting myocardial damage. More recently [2, 3] , the ESC, ACC and AHA endorsed these recommendations and further suggested that classification of specific ACS should be based on blood troponin concentrations. Other important implications of these new recommendations are that myocardial injury short of myocardial infarction can be recognized, significant troponin elevations may indicate irreversible rather than reversible cardiac damage and different levels of serum cardiac troponin levels may signify a different prognosis in different patients with ACS [2, 3] . In patients presenting with severe chest pain, it is important to immediately exclude noncardiac pain and identify those with an ACS. The latter is potentially life threatening, although it presents with a spectrum of clinical disorders ranging from AMI to the less immediately serious UA [10] . Treatments with clot lysis and antiplatelet therapy have reduced the morbidity and mortality rates of these syndromes but have to be properly targeted to reduce costs and associated complications; these treatments benefit those with clear-cut AMI but their role in those with UA is less clear. Furthermore, UA appears clinically heterogeneous with varying medium-to longterm cardiac risk. However, there is increasing evidence that the use of cardiac troponin measurements at specific time points after the onset of chest pain could assist in early stratification of ACS and institution of appropriate intervention measures [10] [11] [12] .
The serum troponin level is believed to detect microinfarcts in patients with UA -hence its potential usefulness in the identification of patients with UA without ST segment elevation but at an increased risk for cardiac events, including AMI and cardiac death [10] [11] [12] [13] . Furthermore, UA patients with elevated troponin levels tend to be refractory to conventional medical treatment, have a higher incidence of adverse cardiac events and show a poorer short-term (up to 30 days postevent) prognosis [14] [15] [16] [17] . It has also been reported that troponin measurement up to 3-4 days after the acute event could give an indication of the long-term (1500 days) prognosis of the ACS [18] . Indeed, the serum troponin level provides a valuable insight into the morphological basis of ACS, in that angiographic studies have shown that elevated troponin levels are more likely to be associated with the presence of complex atheromatous lesions and visible thrombus formation [14, 17, 19] . The degree of elevation of troponin could also guide the preference for the specific pharmacological or other intervention modality, as with the use of enoxaparin [20] , platelet receptor antagonists such as tirofiban and abcimixab [21, 22] and procedures including coronary angioplasty, percutaneous transluminal coronary angioplasty, stent insertion, rotational atherectomy and stress testing [22] [23] [24] .
This study, performed on patients with severe chest pain admitted to a coronary care facility in Kuwait, has established a diagnostic cutoff point of 0.05 ng/ml for healthy subjects. From the sensitivity and specificity profiles at different cutoff points for the diagnosis of UA and myocardial infarction indicated in table 2, it would appear that the best specificity and sensitivity for both ACS are obtainable for TnI-2, i.e. the 8-hour postadmission value. An 8-hour TnI value of 10.30 ng/ml gives a 180% certainty of diagnosis of AMI. Similarly, an 8-hour value of !0.30 ng/ml in a patient with anginal-type chest pain is approximately 80% sensitive for the diagnosis of UA but is relatively nonspecific (approximately 40%), because all healthy control subjects also had TnI values that fell into this category. Specificity for the 8-hour TnI value for the diagnosis of UA is, however, improved to about 90% by narrowing the diagnostic cutoff range to 0.05-0.30 ng/ml, which effectively excludes all the healthy noncardiac patients. The other distinguishing feature for risk stratification is that TnI values in UA increase at best by !100% 8 h after admission, and even then generally to less than 0.30 ng/ml. In AMI, the median increase is 11,000% and generally to much higher than 0.30 ng/ml (table 1) .
In agreement with recently published reports [14, 17] , up to 40-60% of our patients eventually diagnosed with UA had TnI values higher than 0.05 ng/ml, the cutoff point for the normal healthy population, on admission and up to 16 h after admission. More worrying, though, is that up to 15-25% of those with UA had TnI values higher than 0.30 ng/ml, a cutoff point we had identified for the diagnosis of AMI. It is therefore possible to establish a gradient of risk for UA, based on which, a protocol for the urgency of the need for aggressive intervention could be established. Using the TnI-2 values 8 h after admission, about 35% of those with UA have values !0.05 ng/ml and could be safely discharged from the emergency department [25] . The next level includes the 50% or so of patients with values 10.05 and !0.30 ng/ml -these require some degree of follow-up in the short or long term. The next level, corresponding to the greatest risk, is the 10-15% of patients with values 10.30 ng/ml in whom more aggressive intervention is indicated. These figures Al-Harbi/Suresh/Zubaid/Akanji could constitute the evidence base for long-term planning for the management of ACS in Kuwait.
Conclusion
In patients attending a cardiac unit in Kuwait for assessment of chest pain, and in association with clinical, ECG and other relevant data, serum TnI !0.05 ng/ml on admission and 8 h after admission is probably not cardiac in origin; serum TnI 10.30 ng/ml on admission and increasing rapidly (up to 10-fold) 8 h after admission is most likely due to AMI. When serum TnI is 10.05 and !0.30 ng/ml on admission and increases slightly if at all 8 h after admission, the patient likely has UA. With regards to the latter, up to 15% could have values similar to those described for AMI and require aggressive intervention procedures.
